ABSTRACT A theoretical connection between nonlinear shear viscosity and the long time tail ofthe equilibrium stress-stress correlation function is pointed out. The connection is a consequence of the Goddard-Miller rheological equation of state which takes into account the angular rotation ofa fluid in steady uniform shear. Recently, several theoretical arguments have been advanced (1-3) that the shear viscosity 715(X) of a fluid in steady uniform shear flow is not an analytic function of the shear rate X. The functional form that has been predicted (for small X) is 7%(X) =-B log X + 0(1) [la] Consider a steady uniform shear flow for which the velocity is vt = X X y, so that E = X(ij + ji). This flow has vorticity, and the corresponding angular velocity is cl = (curl 0)/2 = -(X/2)k. As in the theory of rigid-body rotation, the matrix fi is introduced:
71'(w)
Recently, several theoretical arguments have been advanced (1) (2) (3) that the shear viscosity 715(X) of a fluid in steady uniform shear flow is not an analytic function of the shear rate X. The functional form that has been predicted (for small X) is 7%(X) =-B log X + 0(1) [la] in two dimensions or ?71(X) = 71() -BX112 + O(X) [lb] in three dimensions. I call attention here to a connection between this nonanalytic behavior of 715(X) and the asymptotic long time behavior of the equilibrium stress-stress correlation function. This connection, which appears very reasonable but is probably not exact, is a direct consequence of the Goddard-Miller (GM) rheological equation of state (4) . An excellent discussion of the GM model and its basis has been given by Bird et al. (5) .
Consider first a small, and divergenceless, shear flow. The strain rate tensor is E = VV + (Vv~t [2] According to linear response theory, the stress tensor o(t) is related to E by Jcc ca(t) = ds G(s)E(t -s), 0 [3] where G(s) is the viscoelastic memory function. The frequencydependent viscosity for a small shear flow varying in time with frequency w has the real and imaginary parts n1 (W) = ds G(s) cos cs, [4] Oq"(W) = 7 ds G(s) sin ws.
Various theoretical arguments, summarized by Pomeau and Resibois (6) , predict that G(s) decays asymptotically as s -in two dimensions and as S-312 in three dimensions. This is the "long time tail" of G(s). The corresponding frequency dependence of the real part q'(w) of the viscosity is in three dimensions. These functional forms have exactly the same structure as the predicted shear-dependent viscosity 715(X). In the GM model, 7Rs(Z) and 7'(Z) are identical functions of Z, which may be either X or w.
The GM model is based on a simple idea: any rheological equation of state should be invariant to rigid-body rotations of the fluid with respect to an observer. The linear response equation (Eq. 3) does not have this invariance; the GM equation is a generalization of Eq. 3 which does have this invariance.
Consider a steady uniform shear flow for which the velocity is vt = X X y, so that E = X(ij + ji). This flow has vorticity, and the corresponding angular velocity is cl = (curl 0)/2 = -(X/2)k. As in the theory of rigid-body rotation, the matrix fi is introduced:
dt [6] The matrix exp(tfk) describes the transformation from a coordinate system fixed in the laboratory to a coordinate system fixed in the moving fluid-the "corotating frame." Any tensor 4 in the laboratory frame is related to another tensor +(C) in the corotating frame by +(t) = exp(ta) * +(c) (t) -exp(-tQ). [7] The GM model is linear response in the corotating frame: [8] or (C) (t) = ds G(s)E(c) (t -s).
When transformed back to the laboratory frame, this becomes (for steady flow) = ar = ds G(s) exp(sQl) * e * exp(-sQl). [9] When the rotational transformations are worked out, a shear dependent viscosity is obtained, [10] Jx 71JX) = ds G(s) cos (Xs). This is evidently the same function as '(cjw) in Eq. 4 . In particular, the coefficients B in Eq. 1 are predicted to be identical with the coefficients A in Eq. 5.
Abbreviation: GM, Goddard-Miller.
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